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Description 



This Invention pertains to a new lithium-containing binder composition suitable for use in bonding a 
particulate material such as alumina, magnesia, or other aggregate material to make a shaped refractory 



It is known in the art to employ phenol-formaldehyde resole resins to bond granular refractory material 
for use in, for example, a foundry molding composition or a refractory article. For example. U.S. Patent 
4.426.467 to Quist, et al. discloses such a composition which Is curable at room temperature In the 
presence of an alkali such as sodium or potassium, using a lactone as curing agent. The composition 
10 contributes to the dimensional stability of articles produced therefrom via refractory bonding (i.e.. through 
durable carix>n-cari>on bonds and carbon-aggregate bonds) and also provides abrasion resistance. 

It is also known to use a phenol-formaldehyde novolac resin to bond a cartwnaceous aggregate as is 
disclosed in Chandramouli, et al, U.S. 4.775.455. issued October 4, 1988; (assigned to the assignee of the 
present invention). 

15 Ester curable phenol formaldehyde resole resins are alkaline in nature, i.e.. containing potassium or 
sodium alkali or mixtures thereof. Such resins are disclosed in U.S. Patent 4,474.904 to Lemon, et al. Use of 
lithium or magnesium salts of lower alkanoic and inorganic acids is known for imparting hot green sand 
workability in foundry mold applications (see U.S. Patent 4.131,476 to Melcher et al.). Use of lithium Ions as 
the alkalizing agent to facilitate ester cure of resole resins for use in refractory articles is heretofore not 

20 demonstrated. 

SUMMARY OF THE INVENTION: 

Accordingly, the present invention provides a lithium ion-containing binder for refractory articles, which 

25 binder cures at room temperature in the presence of an ester functional curing agent. The lithium ion- 
contalning binders of the present invention are also useful for preparing coatings and toppings for various 
substrates, including but not limited to, concrete. In the absence of an ester-functional curing agent, the 
binder cures when exposed to elevated temperatures. Refractory articles produced from the binder and an 
aggregate exhibit higher tensile strengths and higher compressive strengths relative to sodium lon- 

30 containing or potassium ion-containing binder systems, after exposure to elevated temperatures. 

In one aspect of the invention, a raw batch composition for use in making a shaped article, e.g.. a 
refractory article, is provided. The composition comprises a mixture of (a) an aggregate material; (b) a 
curable resole resin binder solution wherein the resole is present in sufficient quantity to bond the 
aggregate into a desired shape: (c) an ester-functional curing agent in an amount sufficient to effect curing 

35 of the binder; and (d) a lithium ion-generating alkalizing agent, such as lithium hydroxide, wherein the resole 
resin has a formaldehyde:phenol ratio in the range of about 1:1 to about 3:1, and wherein the weight ratio of 
the resole resin to aggregiate is from about 2:100 to about 1:7, and wherein the ester-functional curing agent 
is selected from the group consisting of lactones, cyclic organic cariDonates. carboxyllc acid esters, and 
mixtures thereof. The curing agent may be present in the composition at a level of about 3% to 40% based 

40. on the weight of the resole resin. 

By "phenol formaldehyde resole" herein is meant resole resins, polymers, copolymers, terpolymers or 
mixtures comprising a phenolic material such as phenol cresol. or xylene! or mixtures thereof, and 
formaldehyde. 

In another aspect, a shaped article is provided, the shaped article comprising an aggregate material 
45 bonded together by a resin binder, the binder comprising a cured phenol formaldehyde resole resin, 
wherein the resin prior to curing comprises (i ) a phenol formaldehyde resole resin having a formal- 
dehyde:phenol mole ratio in the range of about 1:1 to about 3:1. and wherein the resin binder is cured in the 
presence of sufficient lithium ions to induce cure using a curing agent selected from the group consisting of 
lactones, cyclic organic carbonates, cark)oxylic acid esters, aromatic formates and acetates and mixtures 



In a further aspect, the invention relates to a process for making a refractory body that can be sintered 
to form a carbonized article. The body is prepared from an aggregate material; a resin binder comprising a 
phenol formaldehyde resole resin or a phenol formaldehyde novolac resin and a phenol formaldehyde 
resole resin, as specified above; a lithium ion-generating alkalizing agent; and an ester-functional curing 
55 agent in an amount sufficient to effect ambient temperature curing of the resin binder. The process 
comprises the steps of (a) mixing aggregate with resin binder and adding an ester-functional curing agent to 
coat the aggregate until a binder-aggregate mixture is formed; (b) forming the binder-aggregate mixture into 
a desired shaped article; (c) optionally allowing the article to stand to develop room temperature strength; 



5 article. 



50 thereof. 
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and (d) heating the shape to cure and carbonize the resin binder and thereby make a refractory body. It Is 
envisioned that the exact amounts of components used can be varied outside the ranges indicated above, 
and the ranges are not provided as limitations. 

Articles produced using the lithium-ion containing Inventive binders display tensile and compression 
5 strengths significantly superior to articles produced using potassium ions or sodium ions as the alkali in the 
binders. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS: 



70 tt has been found that by using a lithium ion-generating material as the alkalizing agent necessary to 
promote ester cures of resole resins, improved properties of the resulting cured materials are achieved. The 
alkalizing agent of the present invention is one capable of providing to the binder composition a lithium ion. 
Preferred alkalizing agents include lithium oxide, lithium hydroxide, and mixtures thereof. Other sources of 
lithium Ions are also effective in the present invention for catalyzing the cure of the resole resin, such as 

75 lithium alkoxides. These can include, for example, the lithium salt of an alcohol containing one to two 
carbons, such as lithium methoxide, lithium ethoxide, or monollthium salt of ethylene glycol. Materials, 
mixtures, or compounds containing among other components lithium oxide or lithium hydroxide are also 
operative herein, as long as the lithium ion level provides to the binder composition sufficient alkalinity to 
initiate the ester cure of the resole resin at room temperature. The mole ratio of lithium ion to phenol on the 

20 resin is for example, from about 0.1:1 to about 0.7:1. A preferred mole ratio is from about 0.3:1 to about 
0.6:1. 

The Raw Batch Composition 

26 This invention is, in one aspect, a raw batch composition comprising an aggregate material, a resin 
binder, a lithium ion-generating alkalizing agent, and an ester-functional curing agent. The choices of the 
aggregate material, and of certain characteristics of the resin binder, are made according to the end product 
that is desired. 

The aggregate material may be any material which may l>e bound with a resin binder to form a shaped 
30 refractory article such as a refractory brick for furnace lining. The aggregate material may be in granular, 
powder, flake or fibrous iom. Suitable aggregate materials for use In refractory applications include, but are 
not limited to, magnesia, alumina, zirconia. silica, silicon carbide, silicon nitride, boron nitride, bauxite, 
quartz, corundum, zircon sand, olivine sand, and mixtures thereof. For certain applications, low density 
aggregate materials such as vemiiculite. periite and pumice are prefenred. For other applications, preferable 
35 high density aggregates include limestone, quartz, sand, gravel, crushed rock, broken brick and air-cooled 
blast furnace slag. 

One of the constituents of the resin binder of the present invention is a phenol formaldehyde resole 
resin. A resole resin is the generally alkaline resinous reaction product of a phenolic material and an 
aldehyde. The phenolic material used herein can be, for example, phenol, cresol, xylenol and mixtures 

40 thereof. The resole resin has sufficient residual methylol reactivity such that it may be cured by heat to a 
water-insoluble and thermally infusible condition, without the addition of a curing agent. 

The resole resin useful in the present invention is one having a formaldehyde:phenolic material mole 
ratio in the range of about 1:1 to about 3:1. and preferably about 1.6:1 to about 2.4:1. The resole resin is 
generally prepared by reacting the desired proportions of monomers at a pH of greater than about 7.5, and 

45 more preferably about 9 to 12. Resole resins useful herein may contain residual K+ or Na+ used in the 
preparation of the resole. 

The weight average molecular weight of the resole can vary over a broad range such as from at)Out 500 
to about 2,000, and preferably in the range of at>out 700 to about 1,500. 

The lithium ion-catalyzed resin binder composition of the present invention will customarily, but not 
50 necessarily, be an aqueous solution having a solids content of from about 40% to about 75% by weight. It 
is prefenrable to have a composition with a high solids content but if the viscosity is too high, the material 
becomes difficult to handle and mixing characteristics and performance decline. If the solids level of resin 
binder in the composition is too low. the viscosity is low and performance suffers due to insufficient binder 
level. 

55 The lithium ion-generating alkalizing agent in the resin binder composition is present in any amount 
sufficient to produce a cure of the resole resin when the ester has been added. A preferred level of lithium 
ion-generating alkalizing agent is an amount sufficient to provide a molar ratio of lithium:phenol moiety on 
the resole resin in the range of about 0.1:1 to about 0.7:1. although all levels up to a lithium:phenol ratio of 
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about 1:1 are effective. 

The ester-functional curing agent used in this Invention is one known in the art as having at least one 
ester-functional group which is capable of catalyzing the cure of the resole resin at ambient conditions. 
The ester-functional curing agent may be selected from the group consisting of lactones, cyclic organic 

5 carbonates, cartwxylic acid esters, aromatic formates, and aromatic acetates, and mixtures thereof. 
Generally, it is prefenred to use a curing agent having from 3 to 12 cartjon atoms and more preferably from 
4 to 9 carbon atoms. Gaseous esters, such as C1-C3 alkyi formates, are also acceptable curing agents in 
low density articles or when applying the binders to fabric or paper substrates. When gaseous esters are 
used as curing agents, the ester Is generally not mixed with the resin binder and aggregate but rather is 

70 supplied as a gas to tiie shaped article as taught in U.S. Patent 4.468,359, 

Examples of lactones which accelerate the room temperature cure or hardening of the resole resin 
binders of the present invention Include, gamma-butyrolactone, valerolactone, caprolactone. beta-propiolac- 
tone, beta-butyrolactone, beta-isobutyrolactone, beta-isopentylactone, gamma-isopentylactone, delta-pen- 
tylactone, and epsllon-caprolactone. 

75 Examples of organic carbonates which accelerate the room temperature cure of the resole resin binder 
of tiie present invention include. 1 ,2-propylene cari3onate. 1 ,3-propylene carbonate, etiiylene cartjonate, 
glycerol carbonate, 1.2-butylene carbonate, 1,3-butylene carbonate. 1,2-pentylene carbonate and 1,3- 
pentylene carbonate. 

Carboxylic acid esters which accelerate the cure of the resole resin binder include, methyl acetate. 
20 ethylene glycol diacetate, glycerol diacetate (diacetin). and glycerol triacetate (triacetin). In the case where a 
caridoxylic acid ester is used, triacetin is preferred. 

Other aliphatic monoesters may be suitable, such as formates, propionates, and butyrates. . Additional 
aliphatic multiesters which may be suitable Include diformate. diacetate, or higher diesters of ethylene 
glycol, diethylene glycol, 1 .2-propylene glycol, glycerol, 1,3-propanediol, 1,2-butanediol, 1 ,3-butanedlol, and 
2s 1 ,4-butanediol. Furthermore, diesters of dicartjoxylic acids, such as dimethyl malonate, dlmettiyl glutarate, 
dlmetiiyl adipate, and dimethyl succinate, are suitable. 

Lower alkyI formates, gamma-butyrolactone. and propylene carbonate may be used, when rapid mixing, 
shaping, and curing is desired. Other esters of short and medium chain (e.g., one carbon to six carbons) . 
alkyI monohydric or polyhydric alcohols, and short or medium chain carboxylic adds (e.g.. cari^oxyllc acids 
30 having one to six carbon atoms) may be used. 

Also suitable as ester-functional curing agents in the present invention are aromatic esters such as the 
formates, acetates, and diacetates of the following: phenol, o-cresol, m-cresol, g-cresol and ttieir mixtures, 
all isomers of xylenol. m-ethyl phenol, resorcinol, catechol, hydroquinone, pyrogallol, phloroglucinol. 
chlorophenol. o-hydroxy diphenyl. g-hydroxy diphenyl. diphenylol methane, diphenylol propane, as taught In 
35 U.K. Patent Application GB 21 4001 7A. 

The ester-functional curing agent preferably is present in an amount sufficient to effect curing of the 
resole resin binder, typically at about 3% to about 30% by weight, based on the weight of phenolic resin 
and preferably about 5% to about 25%. A more preferred level of curing agent Is 10% to 20%, based on 
the weight of the resin binder. For use In refractory articles according to the present Invention, levels of 
40 ester-functional curing agent lower than the levels used for producing foundry articles are prefenred, so as 
to leave unreacted at room temperature a percentage of the metiiylol sites and to decrease excess ester 
and its byproducts. These reactive methylol sites are then able to undergo thermal cure upon subsequent 
exposure of the article to heat. Therefore, It is preferable in the present invention to utilize levels of ester 
only so high as needed to cure the resole to an acceptable green strength wittiout heat treatment. 
45 It has also been found that, by employing a blend of a novolac component and a resole component, a 
resin binder may be formulated which is capable of lithium ion-catalyzed room temperature ester cure 
(chemical cure), followed by subsequent heat treatment (thermal cure). Such resin binders also have the 
desirable properties of low thermal conductivity and high dimensional stability and abrasion resistance, the 
ability of articles made from such lithium Ion-catalyzed resin binders to withstand extremely high tempera- 
50 tures makes for a binder which is useful for refractory applications. 

The litiiium ion-catalyzed resin binders of the present invention can utilize a blend of novolac and resole 
components. By "component" herein is meant an individual resin or a blend, mixture, reaction product, or 
other combination of resins containing the novolac or resole of reference. A novolac resin Is one prepared 
with a deficiency in aldehyde so that when used alone. It may not be cured unless a curing agent such as 
55 hexamethylene-tetramine ("hexa") is added. A novolac resin may be defined as the generally acidic 
resinous reaction product of a phenolic material and an aldehyde that, for practical purposes, does not 
harden or convert to an insoluble, infusible condition upon heating but remains soluble and fusible. By 
"novolac" herein is meant novolac resins, polymers, copolymers, terpolymers or mixtures comprising a 
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phenolic material such as phenol, cresol, or xylenol or mixtures thereof, and formaldehyde. Novolac resins 
are not capable of ambient temperature ester cure (chemical cure). The formaldehydeiphenolic mole ratio of 
the novolac useful in the present invention is in the range of about 0.5:1 to about 0.9:1 . and preferably about 
0.6:1 to about 0.8:1, wherein the phenolic material is selected from phenol, o-, m-, and p-cresol, xylenols 
and mixtures thereof. Preferably, the novolac resin is prepared by condensing formaldehyde and phenol at 
a pH of less than about 4. and more preferably about 2. 

The resin binder may be prepared simply by dissolving or dispersing the resole, or by mixing the 
prescribed proportions of novolac component and resole component, in alkaline solvent solution. The 
preferred solvent is water but Ci-C? aliphatic and aromatic alcohols. C2-C4 glycols, glycol ethers, and 
(water-alcohol mixes also are acceptable. . 

In one embodiment of the present invention, the lithium ion-catalyzed resin binder, prior to cure, is 
preferably a 0.35:1 to 5:1 by weight mixture of (1) a phenol formaldehyde novolac component having a 
formaldehyde:phenol mole ratio in the range of about 0,5:1 to about 0.9:1. and (2) a phenol formaldehyde 
resole component having a formaldehyde:phenol mole ratio in the range of about 1:1 to about 3:1. The 
weight ratio of novolac to resole in the resin binder is more preferably in the range of about 0.5:1 to about 
3:1. 

The novolac component used in the alkaline solution may be in the form of, for example, a solution or 
powder. 

Hexa and/or other methylene-generators, such as for example formaldehyde or paraformaldehyde, can 
be added to the resin binders of the present invention. When used, hexa is added at a level of about 3% to 
about 15%, based on the weight of total phenolic material, and more preferably at about 5% to about 10%. 

The ester-functional curing agent cures the lithium ion-catalyzed resin binders (chemical cure) of the 
present invention at ambient conditions to thereby provide excellent green strengths. The inventive binders 
can be further cured or hardened by heat (thenmal cure). The heat, if applied, can be heat from an oven or 
furnace or heat from, for example, molten material poured onto an article prepared from the resin binder 
and an aggregate. The heat also produces carbonization of the resin binder. Therefore, by "cure" herein Is 
meant both the ester-functional room temperature curing agent acceleration of the cure or hardening of the 
resin binder, and also the subsequent heat and/or hexa-accelerated cure or hardening of the resin binder. 

The aggregate material to be bound by the binder composition may be selected from magnesia, 
alumina, zirconia. silica, silicon cari&ide, silicon nitride, zircon sand, olivine sand, boron nitride, bauxite, 
chromite. corundum, pumice, perilte, vermiculite, limestone, quartz, sand, igravel. crushed rock, broken 
brick, air cooled blast furnace slag, and mixtures thereof. A particulariy prefenred aggregate for refractory 
uses is magnesia (magnesium oxide), which provides particularly good room temperature and post-heating 
strengths to articles prepared therewith. 

The binder composition is generally added to the aggregate material at a weight ratio of resin to 
aggregate material of from about 3:100 to about 1:7 but preferably is present at about 3 to 10 weight 
percent. 

The lithium ion-generating alkalizing agent can be dissolved or dispersed in the resole resin or a 
novolac resin, if present. The lithium ion-generating alkalizing agent is generally not soluble in the ester- 
functional curing agent. 

The raw batch composition produced by combining the resin binder, aggregate, curing agent, and 
lithium ion may additionally comprise any of a number of optional modifiers or additives including non- 
reactive solvents, sllanes. hexa. clays, graphite. Iron oxide, carbon pitch, silicon dioxide, metal powders 
such as aluminum, magnesium, silicon, and calcium and magnesium hydroxides and oxides, and mixtures 
thereof. In foundry applications and sand-binder overlays, or where silica sand is used as the aggregate, a 
preferred additive is a sllane adhesion promoter, such as gamma-aminopropyl triethoxysilane. which is used 
in amounts of. for example, up to 0.05% to 0.5% by weight, based on the total resin binder. In refractory 
applications, clays, metal powders (e.g. aluminum, magnesium or silicon), and graphite are prefen-ed 
additives. When graphite or metal powders of aluminum, magnesium or silicon or mixtures thereof are used 
I as additives, the amount of aggregate, such as alumina or magnesia, can be reduced to as low as about 
70% by weight of the composition. Thus the composition can comprise 70-97% aggregate. 3-25% resin 
binder, and 0-27% graphite or metal powder additive. 

The Shaped Refractory Article 

i . . 

The Invention is. in a further aspect; a shaped refractory article comprising an aggregate material 
bonded together with the aforedescrlbed lithium ion-catalyzed resin binder. 
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The aforedescribed lithium iori-catalyzed binder compositions are mixed with the aggregate material 
and the ester-functional curing agent. Mixing may be accomplished in any means known in the art, i.e., 
using any industrial mixer such as an Eirich mixer, a Simpson mixer, a Muller mixer, and the like. The 
binder-aggregate mixture which results from the previous step may be molded by any technique known in 

5 the art and subjected to pressure to form a desired shape. For example, the binder-aggregate may be 
subjected to compression, Isostatic pressing, transfer molding, extrusion or injection molding at desired 
temperatures and pressures. 

Following shaping, a low density shape may be subjected to gassing with a gaseous or vaporous ester- 
functional curing agent and/or a series of heat treatment techniques as known in the art. When gassing the 

10 shape with an ester-functional curing agent, it is often not necessary to add a liquid ester-functional curing 
agent into the binder composition, A typical heat treatment involves a continual Increase In temperature up 
to about 120*C (248 ^F) to 205 'C (400 'F) to effect thermal cure of the resin binder and evaporate off 
water and organic solvent. Further heat treatment up to 800'C to 1000*C further promotes carbonization of 
the resin binder. 

75 Accordingly, shaped refractory articles which may be prepared include, for example, kiln furniture, hot 
tops, tundish liners, insulation, ceramic materials, and the like. 

in yet other aspects, the invention relates to a process for preparing a shaped refractory article. In one 
aspect, the invention relates to a process for making a refractory body that can be pyrolyzed or sintered. 
In a preferred embodiment of the process of the present Invention, the temperature to which the shaped 
20 article is heated is in the range of 100* to 150*C (212* to 302*F). 

In another preferred embodiment of the process of the present invention, the formaldehyde:phenol mole 
ratio of the resole resin is from about 2:1 to about 3:1, the ester-functional curing agent is triacetin, present 
at 17% or less based on the weight of the resole resin, the lithium ion-generating alkalizing agent is lithium 
hydroxide, present in an amount sufficient to produce a lithium:phenol molar ratio of about 0.2:1 to 0.7:1. 
25 The preferred aggregate materials are alumina or magnesia, present at levels of from 70% to 97% by 
weight of the binder-aggregate mixture, depending on whether graphite or metal powder additives are also 
included. 

Overlay Coating 

30 

The invention is, in another aspect, an overlay coating or topping applied to a rigid surface such as 
concrete. Thus a room temperature curable flooring composition is provided comjprising a resin binder and 
aggregate system prepared as described above. Aggregates for tiie overlay coating can be selected from 
low or high density materials or mixtures thereof. The use of a litiiium ion-generating alkalizing agent is 

35 preferred to sodium ion-generating or potassium ion-generating alkalizing agents in concrete applications 
because sodium and potassium ions more readily hydrate to form tiie hydroxides which are deleterious to 
the concrete aggregate. The trace amounts of sodium or potassium ions present in the instant compositions 
from ttie preparation of the resole resin are not sufficient to produce adverse effects on concrete. 

The invention is illustrated by ttie following Examples which are Intended merely for ttie purpose of 

40 Illustration. Unless specifically indicated otherwise, parts and percentages are given by weight. 

Example 1 Lithium Ion-Containing Resole . 

A reactor was charged with phenol (940 grams. 10.0 moles) and 45% potassium hydroxide (62.2 grams. 

45 0.50 mole). To tiiis solution at 60'C was added over 30 minutes warm 50% aqueous formaldehyde (1074 
grams. 17.9 moles) while the reaction temperature rose to 105'C, The reaction mixture was then cooled 
and held at 75 - 85* C until a Gardner viscosity (25 'C) of T-U (approximately 5.9 x lO"* m^/s (590 
centistokes)) was reached. The solution was then rapidly cooled to room temperature. 644 grams of the 
solution (60.4% solids) was diluted witii 88 grams water and 69 grams lithium hydroxide monohydrate was 

50 added with mixing. The lithium :phenol and potassiumiphenol mole ratios in tiie resulting resole resin were 
0.57:1 and 0.05:1 , respectively. 

To a 3.8 dm3 (1 gallon) Hobart mixer, charged with about 1.25 Kg of magnesia at 25 to 26*C (75 to 
77 ^F) was added a 50% aqueous solution of tiie above lithium ion-catalyzed resole resin to produce a 
mixture containing 3% phenolic resin solids based on the weight of the magnesia aggregate. The magnesia 

55 was of -14 to +48 mesh size. The binder-aggregate mixture was mixed for 2 minutes followed by the 
addition to the mixture of 17% triacetin curing agent, based on ttie weight of the alkaline resole solution 
(i.e., about 8.5% triacetin based on resole resin solids). Mixing was continued for one minute. A 150 gram 
sample of the mix was charged to a dogbone die which was then subjected to a ramming pressure of 
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15241 Kg (15 tons) for 1 minute to produce a tensile strength test specimen. The specimens, 7.62 cm (3 
inches) long. 2.22 cm (7/8 inch) thick and 2.54 cm (1 inch) wide at the neck, were allowed to stand 24 hours 
at 25*C and 42% to 48% relative humidity prior to being subjected to breaking on a Tmius Olsen tensile 
test machine. Some dogbone specimens after the 24 hours at 25 -C were subjected to a 40 hour 

5 temperature cycling, which includes 10 hours warming to 98* C, 18 hours at 98^C. and then 12 hours at 
ITT'C. Tensile strengths of these oven-cured samples were also obtained. Compression tests were also 
performed on the dogbone specimens after the tensile texts. The dogbone pieces were machined to 
. approximately 3.66 cm (1.44 inches) in length providing a surface area of approximately 12.58 cm^ (1.95 
square Inches), and a thickness of 2.22 cm (7/8 Inch). The pressure to failure was recorded after heating for 

10 three hours up to 1 000 'C and maintaining 1000 firing under nitrogen for one hour. The room 
temperature tensile strengths after 24 hours at room temperature and after oven curing, and the compres- 
sive failure test results are shown in Table I. 

In a similar manner, a resole resin binder can be prepared within, for example. 15% of the phenol is 
replaced by a molar equivalent of m-cresbl to form a phenol-cresoMormaldehyde resole resin. 



Example 2 Preparation of Novolac Resin . 

The novolac resin utilized in the trials reported in Tables II and IV was prepared as follows. 

A reactor was charged with 981 grams (10.44 moles) phenol at 40*C and 2.0 grams of 93% sulfuric 

20 acid and heated to 77* C. Then 467 grams (7.783 moles) of formaldehyde was added over 60 minutes. The 
reaction was refluxed for 30 minutes and then distilled at atmospheric pressure to a temperature of 110 -C. 
The residue was neutralized with a small amount of lime water slun^ and the mixture distilled at 
atmospheric pressure to 149*C. Vacuum distillation was commenced down to 81.26 kPa (24 inches Hg.) at 
149*C over a 20 minute period. The resulting resin product contained 6% free phenol, exhibited a drop 

25 melt point of 248 • F (1 20 ' C) and an initial formaldehyde:phenol mole ratio of 0.746:1 . 

In a similar manner, phenol-cresol-formaldehyde novolac resins can be prepared by replacing up to 
about 20 mole per cent of the phenol by a molar equivalent of m-cresol. 

In Tables I. II and IV. all mixtures contained 3% phenolic resin solids used as an aqueous. 50% 
solution. The ester in all cases was triacetin at 17% based on the weight of alkaline phenolic solution. 

30 Tensile strength measurements are an average of three samples. Densities of the specimens after 24 hours 
at room temperature for magnesia and alumina aggregate systems were 2.82 ± 0.02 gms/cc and after post 
oven-cure were 2.77 t 0.02 gms/cc. Corresponding densities for sand aggregate mixtures were 1.78 ± 0.01 
gms/cc room temperature and 1.77 ± 0.01 gms/cc for post oven-cure. For the sand aggregate systems of 
Table III. 2.5% by weight phenolic resin solids was used as a 60% solids aqueous solution. 

35 Trial 1 on Table I was a comparative example using a resole resin-aggregate mixture prepared as in 
Example 1. above, but containing potassium at a potassium.phenol mole ratio of 0.63:1. rather than lithium. 
Trial 3 was also a comparative example and had a sodium:phenol mole ratio of 0.63:1 rather than lithium. 
For trial 2. the lithium ion-catalyzed resole resin alkali:phenol ratio included 0.05 potassium and exhibited 
significantly higher over-cured tensile strength and compressive strengths than did the sodium or potassium 
40 catalyzed resins. Reducing the alkali:phenol mole ratio to 0.34:1 (0.29:1 as lithium trial 4) produced post 
oven-cure tensile strength exceeding those obtained wrth significantly more potassium (trial 1) or sodium 
(trial 3) and no lithium. Trial 5 shows lithium ion catalyzed resole resins prepared as above, but with 
alkali:phenol mole ratios of 0.19:1 (0.14:1 as lithium). Trial 6 shows that the addition of hexa to a lithium 
catalyzed resole resin has only a slight effect. These two trials (5 and 6) had low but acceptable 24 hour 
45 room temperature cure green strengths (1971.9 and 1613.4 kPa (286 and 234 p.s.i.)) and significant oven- 
cured tensile and compressive values. Phenol-cresol-formaldehyde novolac resins will produce equivalent 
results. 

Table II shows a comparison of lithium ion-catalyzed and potassium ion-catalyzed resole resm using 
alumina as the aggregate material. The alumina was a mixture of three parts of -14 to +28 mesh and one 

50 part of -28 to + 14 mesh. While the room temperature strengths of trials 7 and 8 are comparable, the lithium 
ion-catalyzed resole-alumina mixture of trial 8 had a significantly superior tensile strength after oven curing 
(7274.2 kPa (1055 p.s.i.)) for lithium ion-catalyzed resole-alumina mixture as compared to 2075.4 kPa (301 
p.s.i.) for potassium ion-catalyzed resole-alumina mixture). Table II also shows, in comparative trial 9, that 
use of a novolac resin cured with 10% hexa (based on resin solids) gave unacceptable room temperature 

55 strength and only 2302.9 kPa (334 p.s.i.) after oven cure. 

Table 111 compares potassium ion- and lithium ion-catalyzed resole-sand mixtures. The sand utilized in 
the mixtures in Table III was AFS 50 size. While the tensile values are all low due to the absence of silane 
adhesion promoter usually used In sand mixtures, the post oven-cure tensile strength of the lithium ion- 



's 
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catalyzed resole-sand specimen (trail 11) was significantly higher than the oven-cured tensile strength of the 
potassium ion-catalyzed resole-sand specimen (trial 10). 

Table IV shows tensile strengths after 24 hour room temperature cure and post oven cure strengths for 
lithium ion-catalyzed resole (trial 13) and resole/novolac (1:1) binders (trial 15), with a magnesia/graphite 
5 blend of aggregate material, as compared to potassium ion-catalyzed resole resin (trial 12) and potassium 
ion-catalyzed 1:1 mix of resole and novolac. A phenol-cresol formaldehyde novolac resin, catalyzed with 
lithium ion according to the present invention, is expected to provide results comparable to the resufts in 
trial 15. 



Table I 

Alkali Ion«Catalyzed Resole -Magnesia Mixture 

Trial Alkali/ Tensile, 10^ kPa (psi) Compressive 

No Alkali phenol 24 hrs> r,t, P.O>C. kg (Lbs) 



20 


1 




0.63:1 


53.02 
(769) 


61.23 
(888) 


362.4 
(800) 


25 


2 


Li+ 


0.63:1 


30.89 
(448) 


115.97 
(1682) 


1374.9 
(3035) 


3 


Na+ 


0.63:1 


51.99 
(754) 


68.40 
(992) 


1060 
(2340) 


30 


4(a) 


Li+ 


0.34:1 


27.17 
(394) 


83.57 
(1212) 


774.6 

(1710) 




5 


Li+ 


0.19:1 


19.72 
(286) 


88.81 
(1288) 


887.9 
(1960) 


35 


6 

■ + 


Li+ 
hexa(b) 


0.19:1 


16.13 
(234) 


79.43 
(1152) 





40 
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7 K+ 0.63:1 44.68 52.40 912.8 

(648) (760) (2015) 

6 8 Li+ 0.63:1 31.37 103.84 1214 

(455) (1506) (2680) 

The resole resin and binder /aggregate used were 
prepared as in Example 1 • 

P.O.C., "post oven-cure" herein, includes a heat 

history of 98*'C for 18 hours and 12 hours at 

IS 

177*^0, cooling the test specimen to ambient 
conditions for measurement. 

^ Compressive values (median of 3) were measured at room 
temperature as kg (pounds) of compression 
until failure of the specimen after 1000*C 

25 firing in a muffle furnace under nitrogen 

(prepurif ied, oxygen content less than 20 ppm) 
for one hour« after 3 to 3^5 hour warming 

30 



35 



45 



55 
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cycle. Trials 1 and 2 aboya vera not done with 
pre-purified nitrogen (oxygen content was up to 200 
ppn)* 

The alkali/phenol aolar ratios above include 0.05 as 

which is residual ion from the resin preparation. 



75 



20 



Equivalent results were obtained f roa resin mixture 
containing 0.4% N-( 2-aminoethyl )'-gamma aminopropyl 
trimethoxysilaner Z6020 from Dow Corning Corporation 
or 0.4% gamma-aminopropyl triethoxysilane, A1102 from 
Union Carbide Corporation. 



25 



30 



35 



40 



The hexa was present at a level of 5% by weight based 
on the weight of resole resin solids. 



Table II 



Resole-Alumlna Aggregate Mixture 


Trial No 


Resin 


Alkali 


Alkali/Phenol 


Tensile 102kPa(p.s.i.) 


Compressive* kg (Lbs) 


24 hrs r.t. 


P.O.C. 


7 


Resole 


K+ 


0.63:1 


41.92(608) 


20.75(301) 


17.21 (38) 


8 


Resole 




0.63:1 


31.51 (457) 


72.74 (1055) 


132.73 (293) 


9 


novolac hexa 






0(0) 


23.03 (334) 


60.25 (133) 



• Firing conducted with industrial grade nitrogen and not prepurified grade. 

46 The resole resin was prepared as in Example 1 . 
The novolac was prepared as in Example 2. 

The hexa was present In trial 9 at a level of 5% by weight based on the weight of novolac solids. 



Table III 



50 



55 



Resole-Sand Mixture 


Trial No 


Resin 


Alkali 


Alkali/Phenol 


Tensile 10^ kPa (psi) 










24 hrs. r.t. 


P.O.C. 


10 


Resole 


K+ 


0.63:1 


3.38(49) 


4.76 (69) 


11 


Resole 




0.63:1 


2.69 (39) 


13.03(189) 
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The resole resin was prepared as in Example 1 , above. 

The resin binder was used at 2.5% phenolic solids based on weight of the sand. 

Table IV 



Magnesia/Graphite (90/10) Aggregate 


Trial No 


Resin Mix 


Alkali/Phenol 


Room Temp Tensile Str 10^ kPa (psi) 


24 Hrs. 


After P.O.C. 


12 


Resole (K+) 


0.63:1 


41 .50(602) 


59.50 (863) 


13 


Resole (Li+) 


0.63:1 


31.30 (454) 


67.92 (985) 


14 


Resole/novolac 1:1 (K+) 


0.57:1 


47.16(684) 


103,49(1501) 


15 


Resole/novolac 1:1 (Li^) 


0.57:1 


41.16(597) 


111.70 (1620) 



10 



75 



20 



All with 17% triacetin on liquid resin weight. 

The resole was prepared as in Example 1. above. 

The novolac resin was prepared as in Example 2. above. 

The resin binder was used at 3% by weight in the binder/aggregate mixture. 

The resole/novolac ratios in trials 14 and 15 are by weight. 



25 



30 



Claims 

1. A curable binder composition comprising 

(a) a phenol formaldehyde resole resin; 

(b) an ester-functional curing agent in an amount sufficient to effect the ambient temperature cure of 
the resole resin; and. 

(c) a lithium ion generating alkalizing agent present in an amount sufficient to produce in the 
composition a mole ratio of Hthium:phenol of from 0.1:1 to 1:1. 

2. A binder composition according to claim 1, wherein the resole resin is the reaction product of a 
phenolic material and formaldehyde and wherein the formaldehydeiphenol molar ratio is between 1:1 
and 3:1. 

^® a A binder composition according to claim 1. wherein the binder composition further comprises a phenol 
formaldehyde novolac component having a formaldehyde:phenol mole ratio in the range of 0.5:1 to 
0.9:1. wherein said novolac and said resole are present in the binder composition in a weight ratio of 
novolac to resole of from 5:1 to 0.35:1. 

^ 4. A binder composition according to any one of claims 1 to 3, further comprising water. 

5, A binder composition according to any one of claims 1 to 3, further comprising an organic solvent for 
the resin selected from C1-C7 aliphatic and aromatic alcohols, C2-C4 glycols, glycol ethers and 
mixtures thereof. 

45 

& A binder composition according to any one of claims 1 to 5, wherein the lithium ion-generating 
alkalyzing agent is selected from lithium oxide, lithium hydroxide, lithium methoxide, lithium ethoxide, 
monolithium salt of ethylene glycol and mixtures thereof. 

^ 7. A binder-aggregate material comprising the curable binder composition according to claim 1 and a 
particulate aggregate material, wherein the weight ratio of resole resin to aggregate material is from 
2:100 to 1:7. 



55 



a A binder-aggregate material according to claim 7 further comprising a phenol formaldehyde novolac 
resin. 

9. A binder-aggregate material according to claim 7 or claim 8 wherein the particulate aggregate material 
is selected from magnesia, alumina, zirconia, zircon sand, olivine sand, silicon carbide, silicon nitride. 
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boron nitride, silica, bauxite, corundum, pumice, perlite, venmicullte, limestone, quartz, sand, gravel, 
crushed rock, broken brick, air cooled blast furnace slag and mixtures thereof. 

10. A binder composition according to claim 1. wherein the ester-functional curing agent is selected from 
5 lactones, cyclic organic carbonates, cartx)xylic acid esters, aromatic formates, aromatic acetates and 

mixtures thereof, and is present in an amount up to 40% by weight based on the weight of resole resin 
in the binder composition. 

11. A binder-aggregate material according to any one of claims 7 to 9, wherein the ester-functional curing 
10 agent is selected from lactones, cyclic organic carioonates, cariaoxylic acid esters and mixtures thereof, 

and is present in an amount from 5% to 25% by weight based on the weight of the resole resin in the 
binder composition. 

12. A binder-aggregate material according to claim 9. wherein the ester-functional curing agent is selected 
15 from diacetin, triacetin, butyro-Iactone, caprolactone, methyl formate, ethyl fonnate. ethylene carbonate. 

propylene carbonate, dimethyl esters of succinic acid, glutaric acid and adipic acid, and mixtures 
thereof. 

13. A binder aggregate material according to any one of claims 7 to 9, further comprising at least one 
20 additive additive selected from non-reactive solvents, silanes. clays, graphite, iron oxide, carbon pitch, 

silicon dioxide, aluminium powder, magnesium powder, silicon powder, calcium oxide, calcium hydrox- 
ide, magnesium oxide, magnesium hydroxide and mixtures thereof. 

14. A binder composition according to claim 1 wherein the lithium ion-generating alkalizing agent is lithium 
25 hydroxide. 

15. A binder composition according to claim 3 further comprising a methylene generating material selected 
from the group consisting of formaldehyde, hexamethylene tetramine and paraformaldehyde. 

.30 16. A curable binder composition according to claim 1 or claim 3 wherein the phenol formaldehyde resole 
resin is obtained from phenol, cresol and formaldehyde. 

A curable binder composition according to claim 1 or claim 3 wherein the phenol formaldehyde resole 
resin is obtained from phenol, xylenol and formaldehyde. 

A shaped article for use in making a refractory article comprising aggregate material bonded together 
by a cured binder composition, jsaid binder composition in its uncured state containing a phenol 
formaldehyde resole resin, an ester-functional curing agent and a lithium ion-generating alkalizing agent 
selected from lithium oxide, lithium hydroxide, lithium methoxide. lithium ethoxide, monolithium salt of 
ethylene glycol and mixtures thereof, wherein the lithium ion-generating alkalizing agent is present in an 
amount sufficient to produce In the binder composition a mole ratio of lithium:phenol of from 0.1:1 to 
1:1, and the ester-functional curing agent Is present in an amount sufficient to cure at ambient 
temperature the resole resin and wherein the aggregate material is selected from magnesia, alumina, 
silica, zirconia, zircon sand, olivine sand, silicon carbide, silicon nitride, boron nitride, bauxite, corun- 
dum, pumice, periite, vermiculite, limestone, quartz, sand, gravel, crushed rock, broken brick, ar cooled 
blast furnace slag, and mixtures thereof. 

19. A shaped article according to claim 18 further comprising at least one additive selected from the group 
consisting of non-reactive solvents, silanes, clays, graphite, iron oxide, carbon pitch, silicon dioxide, 

50 aluminium powder, magnesium powderm silicon powder, calcium oxide, calcium hydroxide, magnesium 
oxide, magnesium hydroxide and mixtures thereof. 

20. A shaped article according to claim 19 wherein the binder composition further comprises a phenol 
formaldehyde novolac resin, wherein the weight ratio of novolac resin to resole resin is from 5:1 to 

55 0.35:1. 

21. A shaped article according to claim 19 or claim 20 comprising a phenol fonmaldehyde resole resin, an 
ester-functional curing agent, lithium oxide alkalizing agent and alumina. 
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22. A shaped article according to claim 19 or claim 20 comprising a phenol formaldehyde resole resin, an 
ester-functional curing agent, lithium oxide alkalizing iagent and magnesia. 

23. A shaped article comprising 

(a) a phenol formaldehyde resin binder composition comprising in Its uncured state 

(I) a phenol formaldehyde novolac resin having a formaldehydeiphenol mole ratio in the range of 
0.5:1 to 0.9:1, and 

(II) a phenol formaldehyde resole resin having a formaldehyde:phenol mole ratio in the range of 
1:1 to 3:1, 

wherein said novolac and said resole resins are present In a weight ratio of novolac to resole of 
between 5:1 and 0.35:1 and wherein the phenol is selected frorn phenol, cresole and xylenol; 

(b) an ester-functional curing agent; 

(c) lithium oxide alkalizing agent; and 

(d) an aggregate material selected from silica, alumina and magnesia present In an amount up to 
97% by weight of the shaped article, 

and wherein the pH of the resin binder composition is sufficiently alkaline to cure the resin binder 
composition at ambient temperature and bind the aggregate material into a desired shape. 

24. A shaped article according to claim 23 further comprising at least one additive selected from graphite, 
aluminium powder, magnesium powder, silicon powder, calcium oxide, calcium hydroxide, magnesium 
oxide, and magnesium hydroxide, wherein the aggregate is present in the shaped article in an amount 
from 70 to 97% by weight, 

25. A shaped article according to claim 23 further comprising a sllane adhesion promoter, wherein the 
aggregate is alumina or silica. 

26. A process for making a refractory body that can be heated to form a carbonized article, said process 
comprising the steps of 

(a) Mixing a resin binder composition comprising 

(i) a resole resin having a formaldehyde:phenol molar ratio in the range of about 1:1 to about 3:1, 

(ii) an ester-functional curing agent in an amount sufficient to affect the ambient temperature cure 
of the resole resin, and 

(III) a lithium ion-generating alkalizing agent selected from lithium oxide, lithium hydroxide, lithium 
methoxide, lithium ethoxide, monolithlum salt of ethylene glycol and mixtures thereof, wherein the 
lithium ion-generating alkalizing agent is present at a level sufficient to provide an alkali:phenol 
molar ratio in the resin binder composition of 0.1:1 to 1:1, 
with an aggregate material selected from magnesia, alumina, silica, zirconia. zircon sand, olivine 
sand, silicon carbide, silicon nitride, boron nitride, bauxite, corundum, pumice, perlite, vermiculite, 
limestone, quartz, sand, gravel, cmshed rock, broken brick, air cooled blast furnace slag and 
mixtures thereof, wherein the weight ratio of resole resin to aggregate material is in the range of 
from 3:100 to 1 :7, whereby a binder-aggregate mixture is prepared; 

(b) forming said binder-aggregate mixture of step (a) into a shaped article; and 

(c) heating the shaped article to make a refractory body. 

27. A process according to claim 26 further comprising curing at ambient temperature the shaped article of 
step (b) prior to the heating of step (c). 

28. A process according to claim 26 wherein the resin binder composition of step (a) further comprises a 
phenol formaldehyde novolac resin, wherein the formaldehyde to phenol mole ratio of the novolac resin 
Is from 0.5:1 to 0.9:1. 

29. A process according to claim 26 wherein the ester-functional curing agent is selected from lactones, 
cyclic organic carijonates. carboxylic acid esters and mixtures thereof, and Is present In the resin 
binder at a level of from 5% to 25% based on the weight of the resole resin. 

30. A process for making a refractory body that can be heated to form a cariwnized article, said process 
comprising the steps of 

(a) mixing a resin binder composition comprising 
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(i) a resole resin having a formaldehyde:phenol molar ratio in the range of 1:1 to 3:1 , and 

(ii) a lithium ion-generating alkalizing agent selected from lithium oxide, lithium hydroxide, lithium 
methoxide. lithium ethoxide. monolithium salt of ethylene glycol and mixtures thereof, wherein the 
lithium ion-generating alkalizing agent is present at a level sufficient to provide an alkall:phenol 
molar ratio in the resin binder composition of 0.1 :1 to 1 :1 , 

with an aggregate material selected from magnesia, alumina, silica, zirconia, zircon sand, olivine 
sand, silicon carbide, silicon nitride, boron nitride, bauxite, corundum, pumice, perlite, vermiculite, 
limestone, quartz, sand, gravel, crushed rock, broken brick, air cooled blast furnace slag and 
mixtures thereof, wherein the weight ratio of resole resin to aggregate material is in the range of 
from 2:100 to 1:7. whereby a binder-aggregate mixture is prepared; 

(b) forming said binder-aggregate mixture of step (a) into a shaped article: 

(c) gassing the shaped article with at least one C1-C3 alkyi formate to cure the resin binder 
composition; and 

(d) heating the shaped article to make a refractory body. 

31. A substrate coated with the composition of claim 1 . 

32. A coated substrate as claimed in claim 31 wherein the substrate is concrete. 
PatentansprUche 

1. Hartbare Bindermasse, umfassend 

(a) ein Phenol/Formaldehyd-Resolharz; 

(b) ein esterfunktionelles HSrtungsmittel in einer ausreichenden Menge. um eine HSrtung des 
Resolharzes bei Umgebungstemperatur zu t)ewirken. und 

(c) ein Lithiumionen-bildendes Alkalisierungsmittel. das in einer ausreichenden Menge vorhanden ist, 
um in der Masse ein MolverhSiltnis Lithium zu Phenol von 0,1:1 bis 1:1 zu bilden. 

2. Bindermasse nach Anspruch 1, wobei das Resolharz das Reaktionsprodukt eines phenolischen Materi- 
als mit Formaldehyd ist und wobei das MolverhSltnis Formaldehyd zu Phenol zwischen 1:1 und 3:1 
liegt. 

3. Bindermasse nach Anspruch 1, wobei die Bindermasse zusatzlich eine Phenol/Formaldehyd-Novolak- 
Komponente mit einem MolverhSltnis Formaldehyd zu Phenol im Bereich von 0,5:1 bis 0,9:1 enthSlt. 
wobei der Novolak und das Resol in der Bindermasse in einem GewichtsverhSltnis Novolak zu Resol 
von 5:1 bis 0,35:1 vorhanden sind. 

4. Bindermasse nach einem der AnsprOche 1 bis 3, die zusatzlich Wasser enthSlt. 

5. Bindermasse nach einem der AnsprOche 1 bis 3, die zusStzlich ein organisches LSsungsmittel fOr das 
Harz, ausgewahit aus aliphatischen C1-C7- und aromatischen Alkoholen. C2-C4-Glykolen. Glykolethern 
und Gemischen davon enthMlt. 

6. Bindermasse nach einem der AnsprOche 1 bis 5. wobei das Lithiumionen-entwickelnde Alkalisierungs- 
mittel ausgewShIt ist aus Lithiumoxid. Lithiumhydroxid, Lithiummethoxid, Lithiumethoxid. Monolithiums- 
alz von Ethylengtykol und Gemischen davon. 

7. Binder/Aggregat-Material. umfassend die hSrtbare Bindermasse nach Anspruch 1 und ein teilchenfOrmi- 
ges Aggregat-(bzw. Zuschlag)material, wobei das GewichtsverhSltnis von Resolharz zu Aggregalmateri- 
at 2:100 bis 1:7 betragt. 

a Binder/Aggregat-Material nach Anspruch 7, das zusatzlich ein Phenol/Fofmaldehyd-Novolakharz enthSlt. 

9. Binder/Aggregat-Material nach Anspmch 7 oder Anspruch 8, wobei das teilchenf5rmige Aggregatmate- 
rial ausgewahit ist aus Magnesia. Tonerde. Zirkonia, Zirkonsand. Olivinsand. Siliciumcarbid, Siliciumni- 
trid, Bornitrid, KieselsSure, Bauxit. Korund. Bimsstein, Perlit, Vermikulit, Kalkstein, Quarz, Sand, Kies, 
zerstoBenem Gestein. zerbrochenem Ziegel. an der Luft gekUhlter Hochofenschlacke und Gemischen 
davon. 
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10. Bindermasse nach Anspruch 1. wobei das esterfunktlonelle Hartungsmlttel ausgewShlt 1st aus Uctonen, 
cyclischen organischen Carbonaten, Carbonsaureestern, aromatischen Formiaten, aromatischen Aceta- 
ten und Gemischen davon und in einer Menge von bis zu 40 Gew.-%, bezogen auf das Gewlcht des 
Resolharzes, in der Bindermasse vorhanden ist. 



11. Binder/Aggregat-Material nach einem der AnsprUche 7 bis 9. wobei das esterfunktionelle Hartungsmittel 
ausgewShtt Ist aus Lactonen. cyclischen organischen Carbonaten, CarbonsSureestern und Gemischen 
davon und in einer Menge von 5 bis 25 Gew.-%. bezogen auf das Gewicht des Resolharzes. in der 
Bindermasse vorhanden ist. 



12. Binder/Aggregat-Material nach Anspruch 9. wobei das esterfunktionelle Hartungsmittel ausgewahit ist 
aus Diacetin, Triacetin. Butyrolacton. Caprolacton, MethyHormiat, Ethylformiat. Ethylencarbonat, Propy- 
lencarbonat. Dimethylestern von BernsteinsSure, Glutarsaure und AdiplnsSure und Gemischen davon. 

75 13, Binderaggregatmaterial nach einem der AnsprQche 7 bis 9. das zusStzlich mindestens ein Additiv 
enthait. ausgewahit aus nicht reaktionstahigen LSsungsmitleIn, Silanen, Tonen. Graphit, Eisenoxid, 
Kohlepech, Sillciumdioxid, Aluminiumpulver, Magnesiumpulver. Slliciumpulver, Calciumoxid, Calciumh- 
ydroxid, Magnesiumoxld, Magnesiumhydroxid und Gemischen davon. 

20 14. Bindermasse nach Anspruch 1. wol>ei das Lithiumionen-entwickelnde Alkalisierungsmittel Lithiumhydro- 



15. Bindermasse nach Anspruch 3, die zusatzlich ein Methylenerzeugendes Material enthait, ausgewahit 
aus der Gruppe bestehend aus Formaldehyd. Hexamethylentetramin und Paraformaldehyd. 

25 

16. Hartbare Bindermasse nach Anspruch 1 Oder Anspruch 3. wobei das Phenol/Formaldehyd-Resolharz 
erhalten worden ist aus Phenol. Kresol und Formaldehyd. 

17. Hartbare Bindermasse nach Anspruch 1 Oder Anspruch 3, wobei das Phenol/Fonnrtaldehyd-Resolharz 
30 erhalten worden Ist aus Phenol. Xylenol und Formaldehyd. 

ia Formkorper zur Verwendung bei der Hertellung eines feuerfesten Gegenstandes, umfassend Aggregat- 
material, das gebunden ist durch eine gehartete Bindermasse, wobei die Bindermasse in ungehartetem 
Zustand ein Phenol/Fonmaldehyd-Resolharz. ein esterfunktionelles Hartungsmittel und ein Llthiumionen- 

35 entwickelndes Alkalisierungsmittel, ausgewahit aus Lithiumoxid. Lithiumhydroxid, Uthiummethoxid, Ut- 
hiumethoxld. Monollthiumsalz von Ethylenglykol und Gemischen davon. umfaBt, wobei das Lithiumio- 
nen-entwickelnde Alkalisierungsmittel in einer ausreichenden Menge vorhanden ist, um in der Binder- 
masse ein Molverhaitnis von Lithium zu Phenol von 0.1:1 bis 1:1 zu erzeugen, und das esterfunktlonelle 
Hartungsmittel in einer ausreichenden Menge vorhanden ist, um das Resolharz bei Umgebungstempe- 

40 ratur zu harten, und wobei das Aggregatmaterial ausgewahit ist aus Magnesia, Tonerde, Kieselsaure, 
Zirkonla. ZIrkonsand, Ollvlnsand, Sillcumcarbid, Siliciumnitrid, Bomitrld, Bauxit, Korund. Bimsstein. 
Perllt. Vermikullt. Kalkstein, Quarz, Sand. Kies, zerstofienem Gestein. zerbrochenem Zlegel. luftgekUhl- 
ter Hochofenschlacke und Gemischen davon. 

45 19. FormkSrper nach Anspruch 18, der zusatzlich ein Additiv enthait. ausgewahit aus der Gruppe beste- 
hend aus nicht-reaktionstahigen L6sungsmltteln. Silanen, Tonen. Graphit, Eisenoxid. Kohlepech. Silici- 
umdloxld, Aluminiumpulver. Magnesiumpulver, Siliciumpulver, Calciumoxid, Calciumhydroxid, Magnesi- 
umoxld, Magnesiumhydroxid und Gemischen davon. 

50 20. Formkorper nach Anspruch 19, wobei die Bindermasse zusatzlich ein Phenol/Formaldehyd-Novolakharz 
enthait. wobei das Gewichtsverhaitnis von Novolakharz zu Resolharz 5:1 bis 0.35:1 betragt. 

21. Formkorper nach Anspruch 19 oder Anspruch 20, umfassend ein Phenol/Formaldehyd-Resolharz. ein 
esterfunktionelles Hartungsmittel, Lithiumoxid als Alkalisierungsmittel und Tonerde. 

55 

22. Formkorper nach Anspruch 19 Oder Anspruch 20, umfassend ein Phenol/Formaldehyd-Resolharz, ein 
esterfunktionelles Hartungsmittel, Lithiumoxid als Alkalisierungsmittel und Magnesia. 



5 
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xid ist. 
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23. Formkorper, umfassend 

(a) eine Phenol/Formaldehydharz-Bindermasse, umfassend In ungehSrtetem Zustand 

(i) ein Phenol/Formaldehyd-Novolakharz mit einem MolverhMltnis Formaldehyd zu Phenol im 
Bereich von 0,5:1 bis 0.9:1 . und 

(il) ein Phenol/Formaldehyd-Resolharz mit einem MolverhSltnis Formaldehyd zu Phenol im 
Bereich von 1:1 bis 3:1, 

wobei das Novolak- und Resolharz in einem GewichtsverhSltnis von Novolak zu Resol zwischen 5:1 
und 0.35:1 vorhanden sind, und wobei das Phenol ausgewShlt ist aus Phenol, Kresol und Xylenol; 

(b) ein esterfunktionelles Hgrtungsmittel; 

(c) Lithlumoxid als Alkallsierungsmittel und 

(d) ein Aggregatmateriai, ausgewShlt aus KieselsSure, Tonerde und Magnesia in einer Menge von 
bis zu 97 Gew.-%. bezogen auf den Formk5rper, 

und wobei der pH-Wert der Harz-Bindermasse ausreichend alkalisch ist. urn die Harz-Bindermasse bei 
Umgebungstemperalur zu hSrten und das Aggregatmateriai In der gewOnschten Form zu binden. 

24. Formkorper nach Anspruch 23. der zusatzlich mindestens ein Additiv enthalt. ausgewShlt aus Graphit. 
Aluminiumpuiver. Magnesiumpulver, Siliciumpulver. Calciumoxid, Calciumhydroxid. Magnesiumoxid und 
Magnesiumhydroxid. wobei das Aggregatmateriai in dem Formkorper in einer Menge von 70 bis 97 
Qew.-% vorhanden ist. 

25. Formkorper nach Anspruch 23. der zusStzlich einen Silanhattungsbeschleuniger enthSIt, wobei das 
Aggregatmateriai Tonerde Oder KjeselsSure ist. 

26. Verfahren zur Herstellung eines feuerfesten Korpers. der erhitzt werden kann, urn einen carbonisierten 
KOrper zu erhalten. wobei das Verfahren die folgenden Stufen umfafit: 

(a) Vermischen einer Harz-Bindermasse, umfassend 

(i) ein Resolharz mit einem MolverhSltnis Formaldehyd zu Phenol im Bereich von etwa 1:1 bis 
etwa3:1, 

(ii) ein esterfunktionelles HSrtungsmltter In einer ausreichenden Menge. um das Resolharz bei 
Umgebungstemperatur zu harten, und ; . . 

(iii) ein Lithiumionen-entwickelndes Alkallsierungsmittel , ausgewShlt aus Lithiumoxid, Lithiumh- 
ydroxid, Lithiummethoxid. Lithiumethoxid, Monolithiumsalz von Ethylenglykol und Gemlschen 
davon. wobei das Lithiumionen-entwickelnde Alkallsierungsmittel in einer ausreichenden Menge 
vorhanden ist. um ein MolverhSltnis Alkali zu Phenol in der Harz-Bindermasse von 0,1:1 bis 1:1 
zu ergeben, 

mit einem Aggregatmateriai. ausgewahit aus Magnesia, Tonerde. KieselsSure, Zirkonia, ZIrkonsand, 
Olivinsand, Siliciumcarbid, Siliciumnitrid, Bornitrid, Bauxit, Korund, Bimsstein, Periit. Vemnikulit, 
Kalkstein, Quarz, Sand, Kies, zerstoBenem Gestein. zerbrochenem Ziegel. luftgekOhlter Hochofen- 
schlacke und Gemlschen davon. wobei das GewichtsverhSltnis von Resolharz zu Aggregatmateriai 
im Bereich von 3:100 bis 1:7 liegt. wodurch ein Binder/Aggregat-Gemisch hergestellt wird; 

(b) Formen des Blnder/Aggregat-Gemisches der Stufe (a) zu einem FormkSrper und 

(c) Erhitzen des Formk5rpers zur Erzeugung eines feuerfesten KSrpers. 

27. Verfahren nach Anspruch 26. umfassend femer das HSrten des geformten KSrpers der Stufe (b) bei 
Umgebungstemperatur vor dem Erhitzen der Stufe (c). 

2a Verfahren nach Anspruch 26. wobei die Harz-Bindermasse der Stufe (a) zusatzlich ein Phe- 
nol/Formaldehyd-Novolakharz enthSlt. wobei das MolverhSltnis Formaldehyd zu Phenol in dem Novo- 
iakharz 0,5:1 bis 0,9:1 betragt. 

29. Verfahren nach Anspruch 26, wobei das esterfunktionelle HSrtungsmittel ausgewShlt ist aus Lactonen, 
cyclischen organischen Carbonaten, CarbonsSureestern und Gemlschen davon und in dem Harzbinder 
in einer Menge von 5 bis 25%. bezogen auf das Gewicht des Resolharzes, vorhanden ist 

30. Verfahren zur Herstellung eines feuerfesten Korpers, der zur Erzeugung eines carbonisierten K5rpers 
erhitzt werden kann, wobei das Verfahren die folgenden Stufen umfaSt: 

(a) Vermischen einer Harz-Bindermasse. umfassend 
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(i) ein Resolharz mit einem MolverhSltnis Formaldehyd zu Phenol im Bereich von otwa 1:1 bis 
etwa3:1, 

(ii) ein LIthlumionen-entwIckelndes Alkallsierungsmittel, ausgewShlt aus Lithiumoxid. Lithiumhydro- 
xid, Lithiummethoxid, LIthiumethoxid. Monolithiumsalz von Ethylenglykol und Gemlschen davon, 
wobei das Lithiumionen-entwickelnde Alkallsierungsmittel in einer ausreichenden Menge vorhan- 
den ist. urn ein MolverhSltnis Alkali zu Phenol In der Harz-Bindermasse von 0.1:1 bis 1:1 zu 
ergeben, 

mit einem Aggregatmaterial. ausgewShlt aus Magnesia, Tonerde, KieselsSure. Zirkonia. Zirkonsand. 
Olivinsand. Siliciumcarbid, Siliciumnitrid. Bomitrld, Bauxit. Korund, Bimsstein, Perlit, Vermikullt. 
Kalkstein, Quarz. Sand, Kies, zerstoBenem Gestein, zerbrochenem Ziegel, luftgekUhlter Hochofen- 
schlacke und Gemischen davon, wobei das GewichtsverhSltniis von Resolharz zu Aggregatmaterial 
im Bereich von 2:100 bis 1:7 liegt. zur Bildung eines Binder/Aggregat-Gemisches; 

(b) Formen des Binder/Aggregat-Gemisches der Stufe (a) zu einem Formkorper und 

(c) Begasen des FormkSrpers mit mindestens einem Ci-Ca-Alkylformiat, um die Harz-Bindermasse 
zu hSrten, und 

(d) Erhitzen des FormkSrpers zur Erzeugung eines feuerfesten K5rpers. 

31. Substrat, Uberzogen milder Masse nach Anspruch 1. 

32. Oberzogenes Substrat nach Anspruch 31. wobei das Substrat Baton ist. 
Revendicatlons 

1. Une composition de liant polym^risable comprenant 

(a) une r^sine r^sol h base de ph^nol-formald^hyde 

(b) un agent de polymerisation fonctionnel ester en quantity suffisante pour r^allser la polymerisation 
k temperature ambiante de la r^sine resol ; et 

(c) un agent d'alcalinisation gen^rateur d'ions de lithium present en quantity suffisante pour produire 
dans la composition un rapport molaire lithium/phenol de 0,1:1 & 1:1. 

2. Une composition de liant selon la revendication 1. dans laquelle la r^sine r6sol est le produit de 
reaction d'une matifere phenolique et de formaldehyde et dans laquelle le rapport molaire formaldehy- 
de/phenol est compris entre 1 :1 et 3:1 . . 

3. Une composition de liant selon la revendication 1. dans laquelle la composition de liant comprend en 
outre un composant novolac ^ base de phenol/fonnaldehyde ayant un rapport molaire formaldehy- 
de/phenol de rordre de 0.5:1 h 0.9:1, dans laquelle le novolac et le r6sol sent presents dans la 
composition de liant k un rapport de poids novolac/resol de 5:1 h 0,35:1. 

4. Une composition de liant selon I'une ou I'autre des revendications 1 k 3, comprenant en outre de I'eau. 

5. Une composition fr liant selon Tune ou Tautre des revendications 1 h 3, comprenant en outre un solvant 
organique pour la resine seiectionne parmi les alcools aliphatiques et aromatiques C1-C7. les glycols 
C2-C4. les ethers de glycol et des melanges de ceux-ci. 

6. Une composition de liant selon Tune ou I'autre des revendications 1 k 5, dans laquelle I'agent 
d'alcalinisation generateur d'ions de lithium est seiectionne parmi I'oxyde de lithium, Thydroxyde de 
lithium, le methoxyde de lithium, rethoxyde de lithium, le sel de monolithlum de rethyiene-glycol et 
des melanges de ceux-ci. 

7. Un melange liant-agregats comprenant la composition de liant polymerisable selon la revendication 1 et 
un materiau d'agregats particulaire. dans lequel le rapport de poids resine resol/agregats est de 2:100 i 

1:7. 

a Un melange liant-agregats selon la revendication 7 comprenant en outre une resine novolac k base de 
phenol-formaldehyde. 
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9. Un melange liant-agr^gats selon la revendication 7 ou ta revendication 8 dans lequel le mat^riau 
d'agr^gats particulaire est s^lectionn^ parmi la magn§sie, Talumine, le zircon©, le sable de zircon, le 
sabte d'olivine, le carbure de silicium, le nitrure de silicium, la silice, la bauxite, le corlndon, la pienre 
ponce, la perlite, la vermiculite, le calcaire, le quartz, le sable, le gravier. la pierre concassSe. la brique 
cass^e, le laitier de haut fourneau refroidi h I'air et des melanges de ceux-ci. 

10. Une composition de liant selon la revendication 1, dans laquelle Tagent de polymerisation fonctionnel 
ester est s6lectionn6 parmi les lactones, les carbonates organiques cycliques. les esters d'acides 
carboxyliques, les formates aromatiques. les acetates aromatiques et des melanges de ceux-ci, et est 
present en une quantity maximum de 40 % en poids de la r§sine r4sol dans la composition de liant. 

11. Un melange liant-agr^gats selon Tune ou I'autre des revendications 7^9, dans lequel Tagent de 
polymerisation fonctionnel ester est s§lectionne parmi les lactones, les carbonates organiques cycli- 
ques, les esters d'acides carboxyliques et des melanges de ceux-ci, et est present & raison de 5 % & 
25 % en poids de la r^sine r^sol dans la composition de liant 

12. Un melange liant-agr^gats selon la revendication 9„ dans lequel Tagent de polymerisation fonctionnel 
ester est seiectionne parmi la diacetine. la triacetine, la butyrolactone, la caprolactone, le formate de 
methyle, le formate d'ethyle, le carbonate d'^thylene, le carbonate de propylene, les esers dimethyli- 
ques de Tacide succinique. de I'acide glutarique et de Tacide adipique, et des melanges de ceux-ci. 

13. Un melange liant-agregats selon Tune ou Tautre des revendications 7 i 9, comprenant en outre au 
moins un additif seiectionne parmi les solvants non reactifs, les silanes. les argiles. le graphite, I'oxyde 
de fer, le brai de houille, le dioxyde de silicium, la poudre d'aluminium, la poudre de magnesium, la 
poudre de silicium, I'oxyde de calcium, I'hydroxyde de calcium. Toxyde de magnesium. I'hydroxyde de 
magnesium et des melanges de ceux-ci. 

14. Une composition de liant selon la revendication 1 dans laquelle I'agent d'alcalinisation generateur d'ions 
de lithium est I'hydroxyde de lithium. 

15. Une composition de liant selon la revendication 3 comprenant en outre une mati6re generatrlce de 
methylene seiectionnee dans le groupe constitue du formaldehyde, de la tetramlne d'hexam6thylfene et 
du paraformaldehyde. 

16. Une composition de liant polymerisable selon la revendication 1 ou la revendication 3 dans laquelle la 
resine resol k base de phenol-formaldehyde est obtenue k partir de phenol, de cresol et de 
formaldehyde. 

17. Une composition de liant polymerisable selon la revendication 1 ou la revendication 3 dans laquelle la 
resine resol h base de phenol-formaldehyde est obtenue k partir de phenol, de xyienol et de 
formaldehyde. 

ia Un article fagonne destine h la fabrication d'un article refractaire comprenant des agregats lies 
ensemble par une composition de liant polymerise, cette composition de liant contenant, h retat non 
polymerise, une resine resol k base de phenol-formaldehyde, un agent de polymerisation fonctionnel 
ester et un agent d'alcalinisation generateur d'ions de lithium seiectionne parmi I'oxyde de lithium. 
I'hydroxyde de lithium, le methoxyde de lithium, rethoxyde de lithium, le sel de monolithlum de 
rethyiene-glycol et des melanges de ceux-ci, dans laquelle I'agent d'alcalinisation generateur d'ions de 
lithium est present en quantite sufflsante pour produire dans la composition de liant un rapport molaire 
lithium/phenol de 0,1:1 ^1:1. et I'agent de polymerisation fonctionnel ester est present en quantite 
suffisante pour polymeriser la resine resol k temperature ambiante, le materiau des agregats etant 
seiectionne parmi la magnesie, I'alumine, la silice, le zircone, le sable de zircon, le sable d'olivine, le 
carbure de silicium, le nitrure de silicium, le nitrure de bore, la bauxite, le corindon, la pierre ponce, la 
periite, la vermiculite. le calcaire. le quartz, le sable, le gravler. la pierre concassee. la brique cassee. le 
laitier de haut fourneau refroidi h I'air, et des melanges de ceux-ci. 

19. Un article fagonne selon la revendication 18 comprenant en outre au moins un additif seiectionne dans 
le groupe constitue de solvants non reactifs, de silanes, d'argiles, de graphite, d'oxyde de fer. de brai 
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da houille. de dtoxyde de silicium. de poudre d'aluminium. de poudre de magnesium, de poudre de 
silicion. d*oxyde de calcium, d'hydroxyde de calcium, d'oxyde de magnesium, d'hydroxyde de 
magnesium et de melanges de ceux-ci. 

6 20. Un article fagonn^ selon la revendication 19 dans lequel la composition de liant comprend en outre une 
r^sine novolac 2i base de ph6nol-formald6hyde et dans lequel le rapport de poids r6sine novolac/r6sine 
r^sol est de 5:1 ^0,35:1. 

21. Un article fagonn4 selon la revendication 19 ou la revendication 20 comprenant une r§slne r^sol k base 
10 de ph6nol-fonnrtald6hyde. un agent de polymerisation fonctionnel ester, un agent d'alcalinisation 2t base 

d'oxyde de lithium et de I'alumine. 

22. Un article fagonn4 selon la revendication 19 ou la revendication 20 comprenant une r^sine r§sol h base 
de ph6nol-formald6hyde, un agent de polymerisation fonctionnel ester, un agent d'alcalinisation & base 

75 d'oxyde de lithium et de la magn^sie. 

23. Un article faQonn^ comprenant 

(a) une composition de liant r§sine h base de phenol-formaldehyde comprenant k retat non 
polymerise 

20 (i) une resine novolac k base de ph6nol-formaldehyde ayant un rapport molaire formaldehy- 

de/phenol de rordre de 0,5:1 k 0.9:1, et 

(ii) une resine resol k base de phenol-formaldehyde ayant un rapport molaire fonnaldehy- 
de/phenol de Tordre de 1:1 k 3:1, 
dans laquelle les resines novolac et resol sont presentes k un rapport de poids novolac/resol 
25 compris entre entre 5:1 et 0.35:1 et dans laquelle le phenol est seiectionne parmi le phenol, le 

cresole et le xyienol ; 

(b) un agent de polymerisation fonctionnel ester ; 

(c) un agent d'alcalinisation k base d'oxyde de lithium ; et 

(d) un materiau d*agregats seiectionne parmI la silice, I'alumine et la magnesle, present jusqu'^ 97 
30 % en poids de I'article fagonne, 

et dans lequel le pH de la composition de liant resine est suffisamment alcaline pour polymeriser la 
composition de liant resine k temperature amblante et lier le materiau des agregats pour donner une 
forme desiree. 

35 24. Un article fagonne selon la revendication 23 comprenant en outre au moins un additif seiectionne parmi 
le graphite, la poudre d'aluminium. la poudre de magnesium, la poudre de silicium, I'oxyde de calcium, 
rhydroxyde de calcium, I'oxyde de magnesium et I'hydroxyde de magnesium, les agregats etant 
presents dans I'article fagonne k raison de 70 k 97 % en poids. 

40 25. Un article fagonne selon la revendication 23 comprenant en outre un activeur d'adherence k base de 
silane. dans lequel le materiau des agregats est de I'alumine ou de la silice. 

26. Un precede pour fabriquer un element refractaire qui peut §tre chaufte pour former un article cartDonise, 
ce procede comprenant les phases suivantes : 
45 (a) Melange d'une composition de liant resine comprenant 

(i) une resine resol ayant un rapport molaire formaldehyde/phenol de I'ordre d'envlron 1:1 Si 
environ 3:1, 

(ii) un agent de polymerisation fonctionnel ester en quantite suffisante pour permettre la polymeri- 
sation k temperature amblante de la resine resol, et 

50 0") agent d'alcalinisation generateur d'ions de lithium seiectionne parmi I'oxyde de lithium. 

i'hydroxyde de lithium, le methoxyde de lithium. I'ethoxyde de lithium, le sel de monolithium de 
rethyiene glycol et des melanges de ceux-ci. I'agent d'alcalinisation generateur d'ions de lithium 
etant present k un niveau suffisant pour assurer un rapport molaire alcali/phenol de 0.1:1 Si 1:1 
dans la composition de liant resine. 
55 avec un materiau d'agregats seiectionne pamni la magnesle, i'alumine, la silice, le zircone, le sable 

de zircon, le sable d'olivine. le carbure de silicium. le nitrure de silicium. le nitrure de bore, la 
bauxite, le corindon, la pierre ponce, la perlite, la vermicullte. le calcaire. le quartz, le sable, le 
gravier. la pierre concassee. la brique cassee, le laitier de haut fourneau refroidi k I'air et des 
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melanges de ceux-ci, le rapport de poids r^sine r^sol/mat^riau d'agr^gats 0tant de Tordre de 3:100 
k 1:7, et permettant de preparer un melange liant-agr^gats ; 

(b) fagonnage du melange liant-agr4gats de la phase (a) en un article fagbnnd : et 

(c) chauffage de rartlcle fagonng pour produire un dl^ment rdfractaire. 

27. Un proc^d^ selon la revendlcatlon 26 comprenant en outre la polymerisation k temperature ambiante 
de Tarticle fagonn^ de la phase (b) avant le chauffage de ta phase (c). 

28. Un proc^de selon ta revendication 26 dans lequel la composition de liant r^sine de la phase (a) 
comprend en outre une rSsine novolac k base de phenol-formaldehyde, le rapport molaire formaldehy- 
de/phenol de la resine etant de 0.5:1 k 0,9:1 . 

29. Un precede selon la revendication 26 dans lequel Tagent de polymerisation fonctionnel ester est 
seiectionne parmi les lactones, les carbonates organiques cycliques, les esters d'acides carboxyliques 
et des melanges de ceux-ci, et est present dans le iiant resine^ un niveau de 5 % h 25 % en poids de 
la resine resoL 

30. Un precede pour fabriquer un element retractaire qui peut etre chaufte pour former un article cartx)nise, 
ce precede comprenant les phases suivantes : 

(a) melange d'une composition de liant resine comprenant 

(i) une resine resol ayant un rapport molaire formaldehyde/phenol de I'ordre de 1:1 ^ 3:1, et 

(ii) un agent d'alcalinisation generateur d*ions de lithium seiectionne parmi I'oxyde de lithium, 
Phydroxyde de lithium, le methoxyde de lithium, rethoxyde de lithium, le sel de monolithium de 
rethylfene glycol et des. melanges de ceux-ci, Tagent d'alcalinisation generateur d'ions de lithium 
etant present k un niveau suffisant pour assurer un rapport molaire alcali/phenol de 0.1:1 ^1:1 
dans la composition de liant resine, 

avec un materiau d'agregats seiectionne parmi la magnesie, ralumine, la silice, le zircone. le sable 
de zircon, le sable d'olivine, le carbure de silicium, le nitrure de silicium. le nitrure de bore, la 
bauxite, le corindon. la pierre ponce, la perlite, la vermiculite. le calcaire, le quartz, le sable, le 
gravier, la pierre concassee, la brique cassee. le laitier de haut foumeau refroidi k Tair et des 
melanges de ceux-ci. le rapport de poids resine resol/materiau d'agregats etant de I'ordre de 2:100 
k 1:7, permettant la preparation d*un melange liant/agregats ; 

(b) fagonnage du melange liant/agregats de la phase (a) en un article fagonne ; 

(c) gazeification de Particle fagonne avec au moins un formate d'alcoyle Ct- C3 pour potymeriser la 
composition de liant resine ; et 

(d) chauffage de Particle fagonne pour fabriquer Peiement refractaire. 

31. Un substrat enduit de la composition de la revendication 1. 

32. Un substrat enduit selon la revendication 31 dans lequel le substrat est du beton. 
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